We have designed multifunctional silver alginate hydrogel microcontainers referred to as loaded microcapsules with different sizes by assembling them via a template assisted approach using natural, highly porous calcium carbonate cores. Sodium alginate was immobilized into the pores of calcium carbonate particles of different sizes followed by cross-linking via addition of silver ions, which had a dual purpose: on one hand, the were used as a cross-linking agent, albeit in the monovalent form, while on the other hand they have led to formation of silver nanoparticles. Monovalent silver ions, an unusual cross-linking agent, improve the sensitivity to ultrasound, lead to homogeneous distribution of silver nanoparticles. Silver nanoparticles appeared on the shell of the alginate microcapsules in the twin-structure as determined by transmission electron microscopy. Remote release of a payload from alginate containers by ultrasound was found to strongly depend on the particle size. The possibility to use such particles as a platform for label-free molecule detection based on the surface enhanced Raman scattering was demonstrated. Cytotoxicity and cell uptake studies conducted in this work have revealed that microcontainers exhibit nonessential level of toxicity with an efficient uptake of cells. The above-described functionalities constitute building blocks of a theranostic system, where detection and remote release can be achieved with the same carrier.
■ INTRODUCTION
At the present time, an actual challenge of biomedicine is the creation of materials and structures which provide targeted delivery of drugs 1 in combination with the possibility of diagnostics, remote control, monitoring, and release of biologically active agents. Unfortunately, there is a limited number of delivery structures which allow the combination of detection of biological marker and release of medicines depending on concentration of biological markers. Materials which are based on organic−inorganic hybrid systems composed of hydrogel and inorganic nanoparticles have attracted significant attention by virtue of their combined physicochemical properties and rapidly become a new fascinating class of materials. 2 One of main tasks consists of the fabrication of intelligent micro-and nano-sized biocompatible containers that protect contents and provide a release at the designated place and at a desired time point.
A theranostic object needs to provide the possibility to encapsulate and release drugs 3, 4 as well as to possess appropriate detection capabilities of biological markers by surface enhanced Raman spectroscopy (SERS). 5, 6 A number of appropriate delivery carriers has a limit. 2 In this regard, their modification of delivery containers with silver nanoparticles makes possible to change optical properties of microcontainers, 7−9 to accomplish the detection of substances by using surface enhanced Raman scattering (SERS), 10−12 to enhance mechanical characteristics of the material, 13 and to increase its sensitivity to ultrasonic exposure by controlling the density of the shell.
14 Due to its antiseptic properties, silver nanoparticles possess antimicrobial 15−18 and antibacterial properties, 19−21 and its incorporation into microcapsules opens prospects for their application in medicine.
The release of encapsulated agents is possible by using an enzymatic degradation of hollow capsules 22, 23 manipulation of the charge of the capsule surface, 24 pH, 25−28 and release mechanisms based on recrystallization. 29, 30 Ultrasound has been used to trigger release of encapsulated material from polyelectrolyte multilayer capsules. 31−36 It was found that the permeability and integrity of the capsule shell depend on the density of the carrier as well as on the power density, frequency, and duration of ultrasonic exposure.
14, 37 Its capability to penetrate deep into tissue and a possibility of a targeted action make ultrasound a method of choice for application in medicine. 38 Clinically approved hardware is available, and a wide variety of parameters (frequencies ranging from 20 kHz to 3 MHz and intensities from a 0.1 to 100 W/cm 2 ) have been investigated for ultrasound stimulated drug release. 39 Recently, intensities of ultrasound necessary for release were achieved in the range of those allowed for medical applications. 40 The size of particles is essential for in vivo applications 41, 42 and, specifically, for theranostic applications. 43 In the latter case, particles at different sizes assembled into a multcompartment carrier were demonstrated. 44 Recently, we have introduced alginate based container formation, 45 but their essential functionalities, size adjustment, release methods, and shell structure suitable for release and detection have not been reported.
In this work, we investigate synthesis, realized size control of templates, and encapsulate molecules enabling their subsequent ultrasound stimulated release and detection of biologically relevant molecules. A template assisted technique was applied to produce highly porous calcium carbonate microparticles used as templates for fabrication of silver alginate hydrogel micro-and nanocontainers. Further, we investigate the encapsulation of fluorescently labeled bovine serum albumin as a model system and perform low-power ultrasound (allowed in medicine) stimulated remote release from alginate particles with different sizes. Detection of molecules was achieved by surface enhanced Raman scattering, where enhancement of the Raman signal was obtained by functionalizing the shell with silver nanoparticles. The presence of silver nanoparticles is also important for increasing the density of the shell functionality relevant for ultrasound action. As such, detailed analysis of the structures of silver nanoparticles was performed by high resolution electron microscopy. Characterization. The following devices were used for CaCO 3 microparticles synthesis: the ultrasonic homogenizer Sonopuls (Bandelin, Germany) at the frequency of 20 kHz and power density of 1 W/cm 2 and magnetic stirrer MP Standart (IKA, Germany).
The ultrasonic bath (Sapfir, Russia) was used for ultrasound treatment of silver alginate microcapsules at 35 kHz frequency and power density 0.64 W/cm 2 . Particle morphology characterization was performed by using images obtained by scanning electron microscopy (SEM) and transmission/ scanning transmission electron microscopy (TEM/STEM). SEM measurements were performed with MIRA II LMU (Tescan) at the operating voltage of 30 kV, in second electron and back scattering electron mode. Magnification was ranged from 100 to 40 000 times. Samples were prepared by drying a drop of the aqueous suspension of microcapsules on the silicon wafer.
The size distribution of the calcium carbonate particles was obtained by post processing and image analysis of SEM micrographs with ImageJ software (NIH, http://rsb.info.nih.gov/ij/). At least 100 measurements per sample were performed.
TEM/STEM study was performed in a Titan 80-300 TEM/STEM (FEI, USA), equipped with a Schottky field emission gun and energy dispersive X-ray spectroscopy system (EDXS; EDAX, USA). The research was carried out at 300 kV in STEM bright field (BF) mode and high resolution (HR) TEM. Samples were prepared by drying a drop of the aqueous suspension of microparticles on the copper grid. Size distribution of Ag nanoparticles was performed by post processing of the micrographs with Digital Micrograph (Gatan, USA) and TIA (FEI, USA) software.
The fluorescence imaging of hollow silver alginate microcapsules loaded TRITC−BSA was implemented by using a fluorescent confocal laser scanning microscope TCS SP8 (Leica, Germany). During the process of sample preparation for imaging, 5 μL of each sample, stained with the TRITC−BSA conjugation, was placed on a cover glass slip. The excitation wavelength is 552 nm, and the TRITC fluorescence was detected at wavelengths of 565 and 620 nm.
Particles Synthesis. Spherical calcium carbonate microparticles (with a mean diameter of 3.0 ± 0.3 μm) were synthesized via the protocol of Volodkin et al. 46 as follows: 1 mL of Na 2 CO 3 (0.33 M) and 1 mL of CaCl 2 (0.33 M) were rapidly mixed in a glass vessel and stirred at 500 rpm for 1 min. The color of the mixture became white immediately after mixing. Precipitated microparticles of calcium carbonate (CaCO 3 ) were collected by centrifugation (2000 rpm, 2 min) and subsequently washed with pure ethanol. This procedure was repeated three times, and then microparticles were dried in an oven at 60°C for 30 min.
The same procedure of CaCO 3 particle synthesis was used for the formation of calcium carbonate microparticles with the mean diameter of 1.0 ± 0.1 μm using the protocol described by Svenskaya et al. 47 briefly, but there is the only difference that stirring of the reaction mixture was carried out with ultrasound (US) with a frequency of 20 kHz and power density 1 W/cm 2 during 1 min. For the formation of calcium carbonate microparticles with the mean diameter of 0.8 ± 0.2 μm the protocol developed by Parakhonskiy et al. was used. 30 In this case for synthesis the salts precipitation in dense media (ethylene glycol was used), in details 12 mL of salt solutions (water solutions of salt mixed with ethylene glycol with concentrations of 0.33 M and 83% respectively by a ratio of 1:5) were used. 30 The mixing process of two salt solutions was carried out by magnetic stirrer with a speed of 700 rotations/min for 3 h. After preparation of calcium carbonate microparticles, all samples were washed three times with ethanol using centrifugation with a speed of 3200 rotations/min for 5 min. The morphology of the obtained samples was observed by scanning electron microscopy ( Figure 1 ).
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Loading of CaCO 3 Particles with TRITC−BSA. The encapsulation of TRITC−BSA macromolecules into CaCO 3 microparticles was performed via adsorption method as follows: 20 mg of CaCO 3 microparticles powder was placed in a 2 mL plastic tube, and 0.5 mL of 1 mg/mL TRITC−BSA solution was added. This system was intensively shaken for 30 min. The microparticle suspension was centrifuged (2500 rpm, 2 min) and washed once with water. Finally, the collected microparticles with encapsulated TRITC−BSA were ready to be used for the fabrication of silver alginate microcontainers as mentioned above. The supernatants were collected for the following loading efficiency and capacity estimation.
Preparation of Hollow Silver Alginate Hydrogel Microcontainers. To produce silver alginate hydrogel microcontainers, 40 mg of CaCO 3 microparticles powder were placed in a 2 mL Eppendorf tube. A total of 1 mL of 5 mg/mL sodium alginate was injected into the tube and was left to agitate for 10 min in a shaker. After that, sodium alginate-coated CaCO 3 microparticles were washed three times by deionized water. Next, 0.5 mL of 0.75 M AgNO 3 was added to prepared in advance sodium alginate CaCO 3 microparticles in order to initiate crosslinking of sodium alginate. The mixture was agitated for 10 min in a shaker and subsequently thoroughly washed with deionized water. In the last step, 0.5 mL of 0.1 M ascorbic acid was added to microparticles for the gradual removal of the CaCO 3 core and growing of silver nanoparticles, yielding the hollow structure of the silver alginate hydrogel microcapsules. After that, microcontainers were collected by centrifugation and thoroughly washed with clean water. Hollow silver alginate hydrogel microcontainers were stored in water ( Figure 1 ).
Raman Microscopy. Raman spectra were acquired on a WITec Alpha 300 R+ confocal Raman microscope equipped with a −70°C cooled CCD camera (Andor iDus 401 BR-DD) and a 785 nm diode laser (Toptica, XTRA II). A monolayer of 4-nitrothiophenol (4-NTP, sigma) molecules was adsorbed on the silver surface, which serve as reporter molecules for quantifying the SERS substrate enhancement factor. 48 To this end, the microcapsules were incubated overnight in a 1 mM 4-NTP solution in ethanol. Next, the particles were washed four times (centrifugation for 3 min at 3000 rpm) with ethanol to remove excessive, nonbound molecules. Finally, the ethanol was replaced by DI water. SERS spectra were acquired using a Nikon PlanFluar 10×/0.3 objective, a laser power of 300 μW, and an integration time of 0.13. The spontaneous Raman scattering of a 50 mM 4-NTP solution in ethanol was measured using identical conditions but with a laser power of 100 mW. The effective height of the collection volume was measured to be 160 μm from an axial scan on a 50 nm thick TiO 2 layer deposited on a CaF substrate (Supporting Information, Figure S1 ).
Ultrasound Release. The release of TRITC−BSA, encapsulated in hollow silver alginate microcapsules, was stimulated by ultrasound treatment, which destroys alginate shells. In order to study the release process, 5 equal samples were prepared for each of three classes of microcapsules. A total of 1 mL of the silver alginate particle suspension (8 mg/mL) was placed into 2 mL Eppendorf microtubes. These microtubes were placed in an US bath, and US treatment of microcapsules was carried out (frequency 35 kHz and power density 0.64 W/cm 2 ). During this process, tubes were successively taken out from the bath at fixed time intervals (1, 15, 35, 45, 60, 120 , and 180 min of treatment). This procedure was carried out for each independent sample and class of microcapsules. After the treatment the suspensions were centrifuged to obtain sediments, and the concentrations of the released substances were investigated in supernatant solution via spectrophotometry, and the number of destroyed microcapsules was investigated via scanning electron microscopy.
Loading Efficacy of Hollow Silver Alginate Microcontainers with TRITC−BSA. The loading efficacy of alginate microcapsules with TRITC−BSA was estimated using spectrophotometry Cary Eclipse (Varian, USA). For this the supernatants after microcapsules loading were collected in a separate tube and the absorbance at 556 nm wavelength of TRITC−BSA in its water solution was measured. The concentration and as a result the mass (M supernatant ) of free (nonencapsulated) TRITC−BSA were calculated based on the experimental calibration curve.
The loading capacity of microcapsules (W) was determined as the relation of the encapsulated substance mass (M loading ) on the corresponding mass of pure unloaded microparticles (M particles ):
where M initial is the initial mass of the TRITC−BSA molecule, which was added to suspension for encapsulation. Cell Preparation. HeLa cells were provided by the Department of Cell Engineering, Education and Research Institute of Nanostructures and Biosystems, Saratov State University, Russia. All cells were plated separately in tissue culture flasks and cultivated in Dulbecco's modified eagle medium (DMEM, Sigma-Aldrich), containing 10% fetal bovine serum (FBS, Hyclone), 2 mM L-glutamine (Sigma-Aldrich), and 1% penicillin-streptomycin antibiotic antifungal cocktail (Sigma-Aldrich). The medium was replaced every 3 days, and cells were maintained in a humidified incubator at 37°C with 5% CO 2 . Cell cultures with 75−85% 
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All materials were sterilized with 70% ethanol for 30 min, air-dried, and washed three times with PBS. Then cells were seeded on the sample surfaces in DMEM cell culture medium with an average density 4 × 10 5 . The samples were maintained in a CO 2 incubator overnight.
Cell Viability. HeLa cells were seeded into 96-well cell culture plates at a cell density of 10 × 10 4 /well. After 24 h cultivation, samples 10 × 10 mm 2 were placed into the plate in the culture medium and incubated overnight at 37°C under 5% CO 2 . Subsequently, cells were incubated (Innova CO-170, New Brunswick Scientific) at 37°C for 4 h, together with added materials. In the last step, 100 μL of fluorescence dye was added to each well (AlamarBlue, Sigma-Aldrich), and the fluorescent (540/610 nm) intensity was measured by a spectrophotometer (Synergy H1Multi-Mode Reader). The cell viability was studied for up to 3 days using the dye exclusion method. 
were recorded with a confocal microscope (Leica TCS SP5 X). Divided and not fully depicted cells were not considered for analysis. Imaging was performed by taking into account the staining of the action network which delineated the cell shape (green fluorescence coming from fluorescently labeled Alexa Fluor), the nucleus inside each cell (blue fluorescence coming from DAPI), and microcontainers (in red fluorescently labeled). Microcontainers adherent to the outer cell plasma membrane and in between the grown cells were clearly distinguished from the microcapsules which were located inside of cells, located separately from the cytoskeleton. Based on these confocal images, histograms showed the number of internalized particles per cell f(N), and the corresponding cumulative distribution functions (CDFs) p(N) were generated ( Figure 11 ). Standard deviations were calculated from the deviation of the independent f(N) or CDFs of two different experiments per each data set. The histogram f(N) describes the frequency f, i.e., the number of events, in which cells with exactly N internalized microcapsules were observed. The CDF p(N) indicates the probability that a cell contains N or less microcapsules internalized. For example, p(N = 3) is the probability to find cells with either 0, 1, 2, or 3 internalized microcapsules. CDFs are directly calculated from histograms where p(N):
These values are used to make the differences of microcontainer uptake easier to be visualized. The CDFs are normalized and thus 0 ≤ p(N) ≤ 1.
■ RESULTS AND DISCUSSION
To study the influence of the calcium carbonate template on silver alginate microcapsules via the method described in our previous work 45 and presented in Figure 1 , calcium carbonate templates with different sizes were used. These templates were synthesized by three different methods: assisted by magnetic stirring, 49 by ultrasonically stirring the mixture, 47 and synthesis in ethylene glycol solution 50 with the sizes 3.0 ± 0.3, 1.0 ± 0.2, and 0.8 ± 0.1 μm correspondingly (Figure 2a−c) .
Hydrogel microcapsules were obtained by alginate adsorption on the porous spherical calcium carbonate microparticles, followed by hydrogel cross-linking by silver ions after adding silver nitrate. Reduction of silver nanoparticles on the alginate matrix and simultaneous removal of calcium carbonate cores was achieved by the addition of ascorbic acid solution. The size of the resulting microcapsules is completely determined by the size of the calcium carbonate template and is equal to 3.0 ± 0.8, 2.0 ± 0.2, and 0.9 ± 0.1 μm of calcium carbonate cores respectively (Figure  2d−f) .
The STEM images (Figure 3a) demonstrated that the shells of the silver alginate microcapsules were formatted from the reduction of the silver ions and contained few layers of the silver nanoparticles. The average size of these nanoparticles is 35 ± 9 nm (Figure 3g ). We found a high density of twins (Figure 3d−f) in the nanoparticles, which are a typical defect in silver nanoparticles. 51 Alginate microcapsules were loaded with protein labeled TRITC−BSA in order to demonstrate functionality of the microcontainers as drug delivery carriers. The confocal scanning laser microscopy image reveals that TRITC−BSA was successfully embedded in the structure of alginate microcontainers (Figure 4a−c) .
The loading capacities of the silver alginate microcontainers have been estimated by spectrophotometry which revealed that more (or comparable amount) of the functional substance can be loaded to large alginate capsules. Such loading capacity is relatively high with respect to the initial CaCO 3 particles (5%) because during the alginate synthesis we eliminate the heaviest part of the capsules: the calcium carbonate core (80% of the total particle weight).
Ultrasound Release. To demonstrate the payload release activated by the ultrasound treatment, the water suspension of the microcontainers was placed under US treatment for different time intervals up to 180 min. Two parameters were investigated: (1) percentage of released TRITC−BSA molecules in supernatant ( Figure 4) and (2) percentage of crashed microcontainers ( Figure  5 ). To confirm the much more strong effect of ultrasonic treatment on the release process, the US treated microcontainers were compared with nonultrasonically treated microcontainers: control (size 3.0 ± 0.8 μm; Figure 5 ). All control microcapsules 
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Research Article were stable during the 3 h of immersion in water, and release was not more than 6% of encapsulated TRITC−BSA. A tTypical release profile is presented in Figure 5 (black curve). Such a dynamic corresponds to the spontaneous diffusion of the payload molecules. In contrast for US treatment, the release was stimulated by the microcontainers crashing as well as the enhancement of molecule diffusion speed by the US. In this case more than 18% of encapsulated TRITC−BSA molecules were released in 1 min which corresponds to 20% of crashed microcontainers. In later time crashed the microcontainer amount increased and reached 99% after 3 h of treatment. However, the amount of the released molecules does not increase as dramatically. It can happen because the experiment occurs in close to 1 mL volume, and the released protein can adsorb back into pieces of the silver alginate microcontainers.
After 100 min of US treatment, all particles have been collapsed independently on the microcontainers size ( Figure 6 ). This corresponds with the maximum amount of release from all samples. Short exposition times (less than 10 min) do not lead to a significant increase of the number of crashed microcontainers (only for 0.9 μm-sized microcontainers, the number of crashed microcontainers increased from 17 to 38). It is possible to attain the destruction of 80% microcontainers at time intervals, which depend on the microcontainers size (Figure 6b−d) . However, after 30 min of ultrasonic treatment, samples with the largest diameter were completely destroyed (Figure 6a ).
The density of 3.0 ± 0.8 μm microcontainers is higher than these microcontainers which appeared to be more firm. However, due to ascorbic acid treatment, a particle's shell has an inhomogeneity of density, which lead to the breaking of the thinnest area and rapid destruction of the capsule during US treatment (Figure 6b ).
Microcontainers densities of sizes 2.0 ± 0.2 and 0.9 ± 0.1 μm are almost commensurable; however, our intention is that in microcontainers of size 2.0 ± 0.2 μm, the affect is the same as that in microcontainers of size 3.0 ± 0.8 μm.
Scanning electron microscopy images (Figure 6d) show that silver alginate microcontainers with size 0.9 ± 0.1 μm are stable under the ultrasound influence, since it has a uniform coating. Payload molecules are placed generally in silver alginate matrix. Due to this fact, microcapsules do not have a significant release rate and can adsorb back on the surface of crashed capsules.
Raman Investigations. We determine the SERS (SSEF) substrate enhancement factor 48 by labeling the microcontainers with 4-nitrothiophenol. Average SERS spectra of this molecule on the microcontainers are shown in Figure 7 . The SSEF is calculated Here the intensities are rescaled for differences in Raman pump power (P Raman and P SERS ). A reference spectrum of a bulk solution of molecules is measured in a confocal volume with an effective height H eff of 160 μm and a concentration c of 3 × 10 25 particles/ m 3 . The number of molecules contributing to the SERS signal is determined by a surface density of the molecules ρ of approximately 4.4 × 10 18 particles/m 252 and a projected area fraction μ Ag of the silver surface of 2.8 (according to the TEM microscope images).
SERS data is analyzed based on the 1339 cm −1 peak (symmetric stretching mode of NO 2 ). We find an enhancement factor in the range of 10 4 −10 5 for all types of microcontainers (Figure 8 ), which nicely correlates with the literature data. 53 The rather large variation in enhancement factors can be explained by the inhomogeneous, self-assembled clusters of microcontainers on which the SERS spectra are acquired. For each different set of particles, Raman spectra were acquired in at least two maps of 40 × 40 μm with 10 × 10 pixels.
The largest microcontainers demonstrate the better amplification properties as well as highest variation of enhancement coefficient. It possible to explain that more uniform distribution of the silver nanoparticles in the largest alginate shells provides a better distance among the silver nanoparticles. However, increasing of amount of the areas of inhomogeneity, which is typical for largest particles, leads to increasing the dispersion of the SERS signal.
Therefore, using these silver monovalent ions for cross-linked alginate chain allow us to obtain a less stable shell than the in the case of bivalent ions like Ca . Using silver ions as structural elements for silver nanoparticles, which was obtained via in situ synthesis on alginate bead surface, allows us to obtain beads with homogeneous distribution of silver nanoparticles in their shells as well as to reach the optimal distance between silver nanoparticles, which allows us to increase the Raman signal up to 10 5 . Cellular Cytotoxicity and Uptake. For the study the cell toxicity, the different concentration microcontainers from 10 particles/cell to 100 particles/cell were incubated with HeLa cells. As a first step, the particles were dispersed in PBS buffer and added to the cell culture.
As a control experiment, the microcontainers were incubated in PBS buffer for 24 h (37°C), and the morphology and drug release have been studied. The SEM images (Supporting Information, Figure S2 ) demonstrated that there is no significant difference in morphology, and the release profiles were similar to the water incubation as is present in Figure 5 .
The cells with capsules after 24 and 48 h of culturing had a wellspread morphology typical of attached cells, with the morphology typical for spreading HeLa cells line; they are attached with their pseudopodia to plastic and exhibit sufficient cell adhesion. The quantity assay related to percent of surviving cells is presented in Figure 9 .
The lowest toxicity demonstrates the of silver alginate hydrogel microcontainers for 10 particles/cell concentration. Increasing the amount of the microcontainers lead to an increase in the toxicity until 50% of the control cells. The highest toxicity effect demonstrates the particles with largest particles. It is possible to be explained by the large surface area of one particles and the large amount of the free silver ions. 54 Smaller particles have a more dense structure as described above and as a result decrease the diffusion rate of the free silver ions.
Since the metabolic activity was higher (less toxicity) for a lower particle/cell ratio, a standard concentration of 10 microcontainers/cell was selected during all subsequent experiments. The number of internalized particles per cell was evaluated after 24 and 48 h of incubation by counting the particles inside HeLa cells via fluorescence microscopy and subsequent image analysis. The cell cytoskeleton and nucleus were fluorescently stained, and the colocalization of the red fluorescently labeled microcontainers with in the cellular compartments was evaluated with z-stack images as shown in Figure 10 .
To estimate the efficiency of the penetration silver alginate microcontainers though the cell membrane, the cumulative probability of the presenting microcapsules inside the cell was estimated by confocal microscopy, and the results are presented in Figure 11 , CDFs of 3, 2, and 0.9 μm microcontainers. After 24 h with silver alginate hydrogel microcontainers, 3 μm and 2 μm capsules were taken up by the cells to a similar extent. The 0.9 μm microcapsules were internalized to a much higher extent than all other microcontainers, pointing at a correlation between the size of microcontainers and their uptake. For example 80% of cells in 24 h have not more than 7 particles with sizes 2 or 3 μm in comparison with 80% of cells have not more than 11 particles with size 0.9 μm. Thus, their differences after 48 h due to cell fission shows that the microcontainer's distribution becomes much more even (Figure 11b) .
Thus, all sizes of alginate microcontainers can penetrate through the cell membrane, and it is possible that it can be used as a drug delivery system. Results of cytotoxicity tests of silver alginate hydrogel microcontainers on cell line HeLa. An asterisk (*) indicates significant differences from the data for the same particle's sizes.
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■ CONCLUSIONS
In this study, we have demonstrated a simple way of fabricating biocompatible hollow microcapsules of various sizes based on calcium carbonate templates, alginate matrix, and silver nanoparticles. Silver alginate hydrogel microcapsules serve as microcontainers with a functional substance payload. Loading efficacy depends on the microcapsules size, which can be varied from 0.9 ± 0.1 μm for the smallest particles up to 3.0 ± 0.8 μm for the largest microcontainers. Release of encapsulated materials by ultrasound was realized using intensities allowed in medicine. It was found that larger particle shells (3.0 ± 0.8 μm) are less effective for ultrasound release, while the highest efficiency of release was realized for small microcontainers (0.9 ± 0.1 μm).
In addition, silver alginate microcontainers demonstrate the possibility to enhance the Raman signal of up to 10 5 fold: a magnitude which is in the range for applications in theranostics. 55 Analysis of the structure of silver nanoparticles, which are important for both SERS and enhancement of mechanical properties, was performed using high resolution electron microscopy; interestingly, twin structures were discovered.
The developed microcontainers are attractive for applications in biomedicine and cell biology. Cell experiments (with HeLa cells) have shown the low toxicity of silver alginate hydrogel microcontainers for small concentrations and an increase in toxicity for strong concentrations, using qualitative (proliferation, adhesion, and morphology of cell line) and quantitative (MTT) 
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Research Article methods. Also, an effective uptake by cells has been observed studying the cumulative probability of the uptake, the probability of the uptake of no more than a certain number of microcontainers. A number was found up to 15 particles per cell at 24 h and up to 13 particles per cell at 48 h, taking into account the influence of the cell division. Smaller particles are uptaken by cells more effectively than bigger ones.
An easy fabrication process as well as green chemistry components 56−59 make the alginate hydrogel particles a potentially attractive drug delivery carrier. Double functionality (drug delivery and detection) of the silver alginate containers represents an attractive candidate of theranostic concept for personalized medicine.
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